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(57) A multi-signal multi-coder transcoder is dis- 
closed for communications systems that can be fabri- 
cated less expensively than embodiments in the prior 
art and without requiring significant changes to the sig- 
nal source and destination devices. An illustrative em- 
bodiment preferably comprises an input lead (211), an 
output lead (21 3), an input switch (603), an output switch 
(605), a pool of N processing elements (611-N), which 
are configured to perform a first coding technique and 
a pool of M processing elements (611 -M), which are 
configured to perform a second coding technique, or 
possibly both techniques. When the input lead carries a 
plurality of multiplexed signals, each of which is to be 
transcoded in accordance with one of the two coding 
techniques, the input switch segregates and routes the 
incoming signals to an appropriate processing element 
While a processing element is preferably configured to 
perform only one coding technique, each is preferably 
capable of transcoding muttiple signals concurrently in 
accordance with that technique. The output switch gath- 
ers the respective transcoded signals, re-multiplexes 
them and transmits them on the output lead. 
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Description 

Field of the Invention 

The present invention relates to telecom municaT 
tions systems in general, and, more particularly, to a 
method and apparatus for transcoding (e.g., compress- 
ing, decompressing, encrypting, decrypting, error en- 
coding, error detecting, error correcting, etc.) each of 
the communication signals in a multiplexed communi- 
cation channel with one of two or more disparate coding 
techniques. 

Background of the Invention 

As shown in FIG. 1, communication signals (e.g., 
audio signals, video signals, data, etc.) are often trans- 
coded en route from a source device (e.g., a mobile 
switching center in a wireless communications system) 
to a destination device (e.g., a base station controller in 
that wireless communication system). For the purposes 
of this specification, the term "transcode - is defined to 
include encoding and/or decoding with respect to data 
compression, cryptography and/or error detection and 
correction. 

Typically, the communications link connecting the 
source device to the destination device transports mul- 
tiple communication signals. When multiple communi- 
cation signals are to be transcoded en route, a trans- 
coding bank is usually interposed in the communica- 
tions link between the source and destination devices. 
Typically, all of the communication signals in the link are 
transcoded with the same "coding technique and, there- 
fore, the transcoding bank comprises multiple coders, 
one per communication signal, that are each configured 
to transcode in accordance with the appropriate coding 
technique. 

There are systems, however, where some of the 
communication signals in the link are to be transcoded 
with one coding technique while other communication 
signals, which are multiplexed in the same communica- 
tion link, are to be transcoded with a second coding tech- 
nique. One example of such an system is the Global 
System for Mobile Communications ("GSM"). In GSM, 
the mobile switching center transmits multiple 64 kbps 
audio signals to: the base station controller which, how- 
ever, expects to receive, not the 64 kbps audio signals 
that were transmitted, but either compressed 16 kbps 
audio signals in some cases and more highly com- 
pressed 8 kbps audio signals in others. To effect this 
conversion, a multi-coder transcoding bank is needed 
that can transcode those audio signals that need trans- 
coding from 64 kbps to 1 6 kbps (and vice versa) and the 
other signals that need transcoding from 64 kbps to 8 
kbps (and vice versa). 

FIG. 2 depicts a block diagram of a half -duplex mul- 
ti-coder transcoding bank 203 that is interposed be- 
tween a source and destination device. For pedagogical 



reasons, the signal flow is shown going in one direction 
only. It will be clear to those skilled in the art that a full- 
duplex architecture can be designed based on a com- 
bination of the half -duplex architecture and the mirror 
5 image of the half-duplex architecture, but with the rele- 
vant signaling coming from either one or both of the 
source and destination devices. 

FIG. 3 depicts a block diagram of the typical archi- 
tecture of multi-coder transcoding bank 203. Multi-coder 
10 transcoding bank 203 comprises demultiplexer 301, 
which demultiplexes the incoming communication sig- 
nals and distributes them to the respective multi-coder 
processing elements, one communication signal per 
processing element, for transcoding, and multiplexor 
15 303, which re-multiplexes the transcoded communica- 
tion signals for transmission to the destination device. 
According to this architecture, each processing element 
is configured to be capable of transcoding one commu- 
nication signal according to whichever coding technique 
20 is appropriate, hence the name multi-coder processing 
element. For example, in terms of the GSM system de- 
scribed above, each processing element is preferably 
configured to be capable of compressing one 64 kbps 
audio signal to either 16 kbps or 8 kbps. In this architec- 
ts ture the demultiplexing operation, and the correspond- 
ing multiplexing operation, is simple because the demul- 
tiplexer always parcels out exactly one communication 
signal to each processing element. Furthermore, the de- 
multiplexing operation, and corresponding demultiplex- 
so ing operation, is static because a communication signal 
can always be routed to the same processing element, 
regardless of whether the coding technique to be ap- 
plied to the communication signal changes 

Because the communication signal input to each 
35 multi-coder processing element may require processing 
by any of the supported coding techniques, each 
processing element must be capable of: 

(1) discerning the required coding technique to be 
applied in a particular instance, either by examining 
the communication signal itself, in the case of in- 
band signaling, or under the direction of a controller 
(not shown) that is guided by out-of -band signaling; 

. and 

(2) supporting all of the germane transcoding tech- 
niques, which requires that the processing element 
have the computational power to support the most 
computationally intense of the various transcoding 
techniques. 

The architecture of Fl G. 3 is advantageous because 
neither the source device nor the destination device 
need know which coding technique is to be applied to a 
55 given signal. Nor do the source or destination device 
need to be concerned with the routing of individual com- 
munication signals to the correct transcoding bank to ef- 
fectuate the transcoding required for that signal. 
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The architecture of FIG. 3 is disadvantageous, how- 
ever, when the supported coding techniques have sig- 
nificantly disparate computational complexities (i.e., re- 
quire different amounts of cycles to perform). In such a 
case, when a multi-coder processing element is s 
processing the less complex coding technique, the 
processing element is significantly under-utilized. Fur- 
thermore, when a system has only a small proportion of 
communication signals that require the more complex 
coding technique, then the transcoder bank is greatly io 
over-engineered, and, therefore, probably more expen- 
sive than necessary. 

FIG. 4 depicts another architecture that supports 
multi-coder transcoding. According to this architecture, 
multiple single -coder transcoding banks are used which is 
each support one of the germane coding techniques. 
According to this architecture, however, the source de- 
vice cannot transmit ail of the communications signals 
over a single link, but must be responsible for directing 
all of the communication signals requiring one coding 20 
technique to one transcoder bank and for directing those 
signals requiring the alternative coding technique to the 
other transcoding bank. When the source device is ex- 
tant and not designed to perform this distribution func- 
tion, this architecture is disadvantageous because it re- 25 
quires significant redesign of the source device and/or 
destination device to handle the distribution function. 

FIG. 5 depicts a block diagram of the salient com- 
ponents of type #1 single-coder transcoding bank 405, 
which comprises: demultiplexer 501 , which demultiplex- 30 
es the incoming communication signals and distributes 
them to the respective single-coder processing ele- 
ments for transcoding, and multiplexor 503, which re- 
multiplexes all of the transcoded communication signals 
for transmission to the destination device. Type #2 sin- 35 
gle-coder transcoding bank 407 is fabricated analo- 
gously to the type #1 single-coder transcoding bank 
405. According to this architecture, each processing el- 
ement is configured to be capable of transcoding a com- 
munication signal according to only one coding tech- 40 
pique, hence the name single-coder processing ele- 
ment. In this architecture the demultiplexing operation 
is simple, static and straight-forward because each 
processing element is capable of processing each com- 
munication signal. 45 

The architecture of FIG. 5 is advantageous because 
each of the processing elements are configured identi- 
cally to perform the same coding technique. There are, 
however, a number of shortcomings to this approach. 
The source must provide a segregation function to en- so 
sure that the signals are routed to the appropriate trans- 
coding bank, and that the destination be aware of mul- 
tiple transcoding banks as its input. Additionally, in typ- 
ical cases, the source and destination devices perform 
different functions in the management of system oper- ss 
ation. For example, in GSM systems/the mobile switch- 
ing center chooses the channel in which each commu- 
nication signal is to be transported but the base station 



controller chooses which coding technique is to be ap- 
plied to each communication channel. Therefore, it is 
the source and destination devices must be synchro- 
nized in terms of signal routing management and coding 
technique. This mandates the redesign of the source 
and destination devices and the addition of a communi- 
cation link between them that was not required previ- 
ously. 

Summary of the Invention 

An illustrative embodiment of the present invention 
receives multiple, multiplexed communication signals, 
demultiplexes them, and then segregates and routes 
each communication signal to a given processing ele- 
ment based on the type of transcoding required for the 
signal. The embodiment preferably comprises two pools 
of processing elements. Each processing element in the 
first pool is preferably configured to perform one coding 
technique, but on one or more communications signals 
concurrently. Each processing element in the second 
pool is preferably configured to perform either only the 
alternative coding technique, or both coding techniques, 
on one or more signals, concurrently By knowing which 
signals require which coding technique, the illustrative 
embodiment, by using pooling theory and dynamic re- 
source allocation, can route each signal to an appropri- 
ate processing element for transcoding; The result is a 
multi-signal multi-coder transcoder bank that, oh aver- 
age requires fewer processing elements overall, or less 
expensive processing elements, than in the prior art. 

Brief Description of the Figures 

FIG. 1 depicts the architecture of a single-coder 
transcoding bank that is interposed between a mobile 
switching center and a base station controller in the prior 
art. 

FIG. 2 depicts the architecture of a multi-coder 
transcoding bank that is interposed between a mobile 
switching center and a base station controller in the prior 
art. 

FIG. 3 depicts the detailed architecture of the multi- 
coder transcoding bank shown in FIG. 2. 

FIG, 4 depicts the architecture of a multiple, single- 
coder transcoding banks that are interposed between a 
mobile switching center and a base station controller in 
the prior art. 

FIG. 5 depicts the detailed architecture of one of the 
single-coder transcoding banks shown in FIG. 4. 

FIG. 6 depicts a block diagram of the architecture 
of the exemplary embodiment. 

Detailed Description 

FIG. 6 depicts a block diagram of the exemplary em- 
bodiment, which preferably comprises: input lead 211, 
output lead 213, controller 601 , switching means 603, 
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switching means 605, a pool of N processing elements 
611-1 through 611 -N, and a pool of M processing ele- 
ments 613-1 through 61 3-M. For pedagogical reasons, 
the signal flow is shown going in one direction only (i.e., 
half-duplex operation). It will be clear to those skilled in 
the art that embodiments of the present invention with 
a full-duplex architecture can be designed based on the 
disclosure of the present invention. For example, a full 
duplex architecture could be based on a combination of 
the half -duplex architecture and the mirror image of the 
half-duplex architecture, but with the relevant signaling 
information coming from either one or both of the mobile 
switching center and base station controller. 

An overview of the operation of the exemplary em- 
bodiment is as follows. Switching means 603 takes the 
multiplexed communication signals from input lead 211 , 
segregates and routes them, under the direction of con- 
troller 601 , to the various processing elements. Each 
processing element transcodes the communication sig- 
nal routed to it in accordance with the coding technique 
associated with that processing element. Each process- 
ing element then passes the transcoded communication 
signals to switching means 605, which re-multiplexes 
them for transmission to the base station controller over 
output lead 21 3. 

In the exemplary embodiment, input lead 211 is 
preferably capable of transporting a plurality of commu- 
nication signals (e.g., half-duplex audio, video or data 
signals), each of which is to be transcoded in accord- 
ance with a particular coding technique. For the purpos- 
es of this specification, the term "transcoding" is defined 
to include encoding and/or decoding with respect to data 
compression, cryptography and/or error detection and 
correction. For example, embodiments of the present in- 
vention that are used for audio compression, video de- 
cryption or data error correction are all examples of 
transcoded communication signals. 

The communication signals on input lead 211 are 
preferably multiplexed either in a time division multi- 
plexed fashion (e.g., as channels or subchannels on an 
E-1 or DS-1 circuit) or as a cell stream (e.g., as part of 
an Asynchronous Transfer Mode, Frame Relay or other 
packet-based network such as in a CDMA system). 

Either the source or destination device (e.g., the 
mobile switching center or base station controller) com- 
municates to the illustrative embodiment which commu- 
nication signals are to be transcoded with which coding 
technique with either (1) in-band signaling that is car- 
ried by input lead 21 1 is a component of the various com- 
munication signals, or (2) by out-pf-band signaling that 
can be carried to the exemplary embodiment by input 
lead 211 or by an alternative route. 

When in-band signaling is used, controller 601 can 
learn of the signaling information in either of two ways. 
First, controller 601 can simply monitor all of the com- 
munications signals itself with a tap (e.g., lead 627) on 
the incoming signal stream. Alternatively, each process- 
ing element can decode the in-band signaling for those 



communications signals that it is transcoding and then 
send the signaling information to controller 601 via any 
well known mechanism (not shown). When out-of-band 
signaling is used, it is preferred that switching means 
s 603 segregate the signaling information and deliver it to 
controller via lead 621 , respectively. 

In the exemplary embodiment, each of processing 
elements 611-1 through 611-N, and 613-1 through 
61 3-M is preferably an identical, distinct digital signal 
10 processor. It is preferred that each of processing ele- 
ments 611-1 through 61 1 -N be configured as single-cod- 
er processing elements that exclusively perform one 
coding technique, hereinafter referred to as the " GSM 
full rate" technique. It is also preferred that each of 
processing elements 613-1 through 61 3-M be config- 
ured as single-coder processing elements that exclu- 
sively perform an alternative coding technique, herein- 
after referred to as the "GSM half rate" technique. In 
some embodiments, it may be advantageous for each 
of processing elements 61 3-1 through 61 3-M to be con- 
figured to perform both half rate and full rate coding tech- 
niques. 

It should be understood that although each of the 
processing elements is preferably configured as a "sin- 
gle-coder," that does not imply that each processing el- 
ement can only transcode one communication signal 
concurrently. In the exemplary embodiment, the com- 
munication signals represent speech and the full rate 
coding technique transcodes 64 kbps pulse code mod- 
ulation to (or from) a 16 kbps signal. In contrast, the half 
rate coding technique transcodes 64 kbps pulse code 
modulation to (or from) an 8 kbps signal. Empirically, the 
half rate technique is four times as ccMTiputatibrialiy in- 
tense as the full rate technique, and, therefore, it is pre- 
ferred that each of processing elements 611-1 through 
611-N be capable of transcoding four times as many 
communication signals with the full rate technique as 
each of processing elements 613-1 through 61 3-M are 
capable of transcoding with the half rate technique: 

Controller 601 preferably learn§, via the in-band or 
out-of-band signaling described above, which of the in- 
coming communications signals is to be transcoded with 
the full rate technique and then directs switching means 
603 to route those signals into those processing ele- 
ments 61 1 -1 through 61 1 -N that have the spare capacity 
to transcode those signals. Analogously, controller 601 
also preferably learns, via the in-band or out-of-band 
signaling, which of the incoming communication signals 
is to be transcoded with the half -rate technique and then 
directs switching means 603 to route those signals into 
those processing elements 613-1 through 61 3-M that 
have the spare capacity to transcode those signals. 

In the exemplary embodiment, because a commu- 
nication signal can alternate between requiring the full 
rate technique and the half rate technique, controller 
601 is pref erably capable of redirecting the communica- 
tion signal from one of the half-rate coders to a full-rate 
coder, and vice-versa. Furthermore, when the compu- 
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tational complexity of the half-rate coder is significantly 
greater than that of the full-rate coder, it is preferred that 
the illustrative embodiment comprise fewer processing 
elements 611 than processing elements 613. It is also 
preferred that controller 601 treat both processing ele- s 
ments 611-1 through 611-N and processing elements 
61 3-1 through 61 3-M as resource pools and be capable 
of dynamically assigning any of the incoming communi- 
cations signals to any of processing elements. Typically, 
this requires that controller 601 maintain a table of which io 
processing elements have spare capacity and which are 
partially or fully engaged transcoding one or more com- 
munications signals. 

Switching means 603 can comprise either demulti- 
plexers, switches, time division buses or any other tech- is 
nique that is capable of dynamically routing, under the 
direction of controller 601 , one or more of the incoming 
communication signals to any of the processing ele- 
ments. Because the transcoder architectures in the prior 
art do not enable one or more of the incoming signals 20 
to be routed to any of the processing elements in the 
transcoder bank, the transcoder bank in the prior art 
cannot be considered to be truly pooling the various 
processing elements, or capable of taking advantage 
through pooling techniques ail of the inherent process- 2s 
ing power in the transcoder bank. 

Analogously, switching means 605 can comprise ei- 
ther multiplexors, switch matrices, time division buses 
or any other technique that is capable of dynamically re- 
multiplexing, under the direction of controller 601 , the 30 
transcoded signals from the respective processing ele- 
ments onto output lead 2 1 3. In other words, the function 
of switching means 605 is advantageously to perform 
the inverse function of switching means 603. It will be 
clear to those skilled in the art that switching means 603 35 
can be the same physical device as switching means 
605, particularly where time division switching is em- 
ployed. The segregating and desegregating functions 
performed by switching means 603 and switching 
means 605 are dynamic and,; therefore, typically more 40 
complex than the static demultiplexing and multiplexing 
operations performed in the transcoder banks in FIG. 3 
and FIG. 5. 



Claims 

1 . An apparatus comprising: 

an input lead (211) capable of transporting a so 
first communication signal, a second communi- 
cation signal, a third communication signal, and 
a fourth communication signal, such that said 
first communication signal and said second 
communication signal are to be transcoded ss 
with a first coding technique, and said third 
, r communication signal and said fourth commu- 
nication signal are to be transcoded with a sec- 



ond coding technique; 

an output lead (213) capable of transporting a 
first transcoded communication signal, a sec- 
ond transcoded communication signal, a third 
transcoded communication signal, and a fourth 
transcoded communication signal, CHARAC- 
TERIZED BY; 

a first processing element (61 1 -1 ), which is con- 
figured to perform said first coding technique 
only, for receiving said first communication sig- 
nal and for transcoding said first communica- 
tion signal with said first coding technique to 
produce said first transcoded communication 
signal; 

a second processing element (611-2), which is 
configured to perform said first coding tech- 
nique only, for receiving said second communi- 
cation signal and for transcoding said second 
communication signal with said first coding 
technique to produce said second transcoded 
communication signal; 

a third processing element (613-1) for receiving 
said third communication signal and for trans- 
coding said third communication signal with 
said second coding technique to produce said 
third transcoded communication signal; 

a fourth processing element (61 3-2) for receiv- 
ing said fourth communication signal and for 
transcoding said fourth communication signal 
with said second coding technique to produce 
said fourth transcoded communication signal; 

first switching means (603) for receiving said 
first communication signal, said second com- 
munication signal, said third communication 
signal, and said fourth communication signal 
from said input lead, for segregating said first 
communication signal, said second communi- 
cation signal, said third communication signal, 
and said fourth communication signal, and for 
routing, based on the coding technique to be 
applied to each communication signal, said first 
communication signal to said first processing 
element, said second communication signal to 
said second processing element, said third 
communication signal to said third processing 
element and said fourth communication signal 
to said fourth processing element; and 

second switching means (605) for receiving 
said first transcoded communication signal 
from said first processing element, said second 
transcoded communication signal from said 
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second processing element, said third trans- 
coded communication signal from said third 
processing element, and said fourth transcod- 
ed communication signal from said fourth 
processing element, and for integrating said 5 
first transcoded communication signal, said 
second transcoded communication signal, said 
third transcoded communication signal and 
said fourth transcoded communication signal 
for transmission on said output lead. io 

2. An apparatus comprising: 

an input lead (211) capable of transporting a 
plurality of multiplexed communication signals; 15 

an output lead (213) capable of transporting a 
plurality of multiplexed transcoded communica- 
tion signals; 

20 

a first processing element (611-1) that is con- 
figured to perform a first coding technique on 
at least one communication signal to produce 
one transcoded communication signal for each 
communication signal; 25 

a second processing element (611-2) that is 
configured to perform said first coding tech- 
nique on at least one communication signal to 
produce one transcoded communication signal 30 
for each communication signal, CHARACTER- 
IZED BY; 

a third processing element (61 3-1 ) that is con- 
figured to perform a second coding technique 35 
on at least one communication signal to pro- 
duce one transcoded communication signal for 
each communication signal; 

a fourth processing element (61 3-2) that is con- 40 
figured to perform said second coding tech- 
nique on at least one communication signal to 
produce one transcoded communication signal 
for each communication signal; 
'; 4s 
a controller (601 ); 

first switching means (603) for receiving said 
plurality of multiplexed communications sig- 
nals, for segregating said plurality of mutti- so 
plexed communications signals and for routing, 
under the direction of said controller, one or 
more of said communications signals to any of 
said first processing element, said second 
processing element, said third processing ele- ss 
ment and said fourth processing element; and 

second switching means (605) for receiving 



each of said transcoded communications sig- 
nals, for desegregating said transcoded com- 
munications signals to form said plurality of 
multiplexed transcoded communications sig- 
nals, and for transmitting said plurality of multi- 
plexed transcoded communications signals on 
said output lead. 

3. An apparatus comprising: 

an input lead (211) capable of transporting a 
first communication signal, a second communi- 
cation signal, a third communication signal, a 
fourth communication signal, a fifth communi- 
cation signal, and a sixth communication sig- 
nal, such that said first communication signal, 
said second communication signal, said third 
communication signal and said fourth commu- 
nication signal are to be transcoded with a first 
coding technique, and said fifth communication 
signal and said sixth communication signal are 
to be transcoded with an second coding tech- 
nique; 

an output lead (213) capable of transporting a 
first transcoded communication signal, a sec- 
ond transcoded communication signal, a third 
transcoded communication signal, a fourth 
transcoded communication signal, a fifth trans- 
coded communication signal and a sixth trans- 
coded communication signal, CHARACTER- 
IZED BY; 

a first processing element (611-1) for receiving 
said first communication signal and said sec- 
ond communication signal, for transcoding said 
first communication signal with said first coding 
technique to produce said first transcoded com- 
munication signal, and for transcoding said 
second communication signal with said first 
coding technique to produce said second trans- 
coded communication signal; 

a second processing element (611-2) for re- 
ceiving said: third communication signal and 
said fourth communication signal, for transcod- 
ing said third communication signal with said 
first coding technique to produce sard third 
transcoded communication signal, and for 
transcoding said fourth communication signal 
with said first coding technique to produce said 
fourth transcoded communication signal; 

athird processing element (61 3-1 ) for receiving 
said fifth communication signal and for trans- 
coding said fifth communication signal with said 
second coding technique to produce said fifth 
transcoded communication signal; 
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a fourth processing element (61 3-2) for receiv- 
ing said sixth communication signal and for 
transcoding said sixth communication signal 
with said second coding technique to produce 
said sixth transcoded communication signal; s 

first switching means (603), connected to said 
input lead, for segregating said first communi- 
cation signal, said second communication sig- 
nal, said third communication signal, said fourth 10 
communication signal, said fifth communica- 
tion signal, and said sixth communication signal 
from said input lead, and for routing said first 
communication signal and said second com- 
munication signal to said first processor, said 15 
third communication signal and said fourth 
communication signal to said second proces- 
sor, said fifth communication signal to said third 
processor and said sixth communication signal 
to said fourth processor; and 20 



7. The apparatus of claim 6 wherein said first switch- 
ing means routes said first communication signal to 
a specific processing element based on said out-of- 
band signaling. 



second switching means (605), connected to 
said output lead, for receiving said first trans- 
coded communication signal and said second 
transcoded communication signal from said 25 
first processing element, said third transcoded 
communication signal and said fourth transcod- 
ed communication signal from said second 
processing element, said fifth transcoded com- 
munication signal from said third processing el- 30 
ement, and said sixth transcoded communica- 
tion signal from said fourth processing element, 
and for integrating said first transcoded com- 
munication signal, said second transcoded 
communication signal, said third transcoded 35 
communication signal, said fourth transcoded 
communication signal, said fifth transcoded 
communication signal, and said sixth transcod- 
ed communication signal for transmission on 
said output lead. 40 

4. The apparatus of claim 1 or 2 or 3 wherein said input 
lead is further capable of transporting an in-bahd 
signal that indicates whether a first communication 
signal is to be transcoded with said first coding tech- 45 
nique or said second coding technique. 

5. The apparatus of claim 4 wherein said first switch- 
ing means routes said first communication signal to 

a specific processing element based on said in- so 
band signaling. 

6. The apparatus of claim of 1 or 2 or 3 further com- 
prising an out-of-band signaling channel that indi- 
cates whether a first communication signal is to be ss 
transcoded with said first coding technique or said 
second coding technique. 
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FIG. 4 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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transcoded in accordance with one of the two coding y 
techniques, the input switch segregates and routes the 
incoming signals to an appropriate processing element 
While a processing element is preferably configured to 
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capable of transcoding multiple signals concurrently in 
accordance with that technique. The output switch gath- 
ers the respective transcoded signals, re-multiplexes 
them and transmits them on the output lead. 
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